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A method validation expert system, developed as part of Es- 
prit project ESCA, is described. The proper validation of 
high-peeormance liquid chromatography methods is an is- 
sue of rapidly growing importance. This is due to the in- 
creasing demands of good laboratory practice. Since vali- 
dation involves a lot of statistical calculation and interpreta- 
tion with which most analysts are not familiar, it is often ne- 
glected in the method development process. An expert system 
that provides this knowledge and experience is therefore very 
useful. 
Introduction 
Method validation is gaining rapidly in importance 
due to the increasing demands of good laboratory 
practice. This is especially true in the area of phar- 
maceutical analysis, where regulatory bodies pose 
increasing demands on the analytical methods. The 
Esprit project ESCA aims to build demonstrator ex- 
pert systems for method development in high-per- 
formance liquid chromatography (HPLC) analysis 
of pharmaceutical compounds. The general ap- 
proach of the project is described in the paper on 
ESCA, elsewhere in this issue’. Such a system 
should include all necessary steps from the selection 
of initial HPLC conditions up to the validation of the 
method. 
This resulted in four expert systems, each having a 
specific task covering the whole development pro- 
cess. The expert system for the selection of initial 
conditions provides chromatographic onditions that 
yield acceptable retention times for all peaks in the 
chromatogram. When a chromatogram is obtained 
in this way it may be necessary to optimise the selec- 
tivity to obtain an optimal distribution of the peaks 
over the chromatogram. This is done by the expert 
system for the selectivity optimization. The expert 
system for the optimization of chromatographic and 
instrumental parameters aims to obtain an accepta- 
ble resolution and signal-to-noise ratio in the short- 
est possible time. The task of the method validation 
expert system is to validate the HPLC method that 
has been selected and optimised in the other expert 
systems of ESCA. All these domains have been de- 
scribed elsewhere’>*. This paper focuses on the ex- 
pert system for method validation. In the subsequent 
sections the scope and aproach in this expert system 
is described. 
Scope of the method validation expert system 
Method validation is a very broad concept. The 
full validation of a method comprises the testing of 
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different aspects of its performance such as accura- 
cy, precision, sensitivity, selectivity and limitations. 
The expert system described here concentrates on 
the precision testing of an HPLC method. Precision 
testing is the determination of the random error. 
Many methods will be applied under slightly differ- 
ent conditions from those of their development. The 
method may be used on other instruments, by other 
analysts or even in other laboratories. Therefore an 
estimation of the precision is a very important aspect 
in the method validation. According to Youden and 
Steiner3 one can distinguish a repeatability test and a 
reproducibility test. Repeatability testing involves 
testing the performance of a method when repeated 
under the same conditions, on the same instrument 
and by the same analyst. The reproducibility of a 
method is its precision under changing conditions 
and environments, e.g. on other instruments, by 
other analysts or in other laboratories. A reproduci- 
bility test hence involves an interlaboratory study 
which implies much effort and expense. The interla- 
boratory test of a method is doomed to failure when 
the method is not rugged for some slightly changing 
environmental and operational conditions that can 
be expected when the method is transferred to an- 
other site. Before organizing a large interlaboratory 
reproducibility test, the method can be intralabora- 
tory tested for its ruggedness with respect to ex- 
pected changes. 
The evaluation of the precision often involves the 
use of more or less complex statistics. Most analysts 
therefore consider it a tedious task to test the preci- 
sion of a developed method. An expert system that 
proposes the experiments that should be carried out, 
performs the appropriate statistical tests and inter- 
prets the results, and subsequently providing advice 
on the respecification of the method if the test fails, 
would be very useful. The expert system that has 
been developed in the ESCA project provides such 
advice on the repeatability and the ruggedness test- 
ing of HPLC methods435. 
In this article we focus on the ruggedness testing 
part of the expert system’. 
Ruggedness system 
The use of statistical experimental design has been 
proposed by Youden and Steiner3 to evaluate the 
ruggedness of a method for certain factors. More re- 
cently these designs have been applied in ractice for 
the ruggedness testing of HPLC methods ?9 - . 
The ruggedness expert system described here con- 
tains the necessary knowledge and experience for 
advising the user on the use and interpretation of ap- 
propriate statistics. The expert system basically con- 
sists of a separate module for each of the following 
four steps: 
l method description; 
l the selection of important factors; 
l the selection of the experimental design; 
l processing and interpreting the results. 
The method description module 
The user is asked to fully specify the method that 
will be tested. This includes information about sever- 
al aspects of the analytical procedure, all of which 
may influence the degree and extent of the testing 
procedure. This module contains knowledge on the 
normal range of the specifications. If the system ac- 
cepts the user’s method description, the user can 
safely rely on the result of a further consultation. 
Only when the method description is very incom- 
plete is some caution required. The conclusions may 
not be fully significant when too much information is 
missing. In all other cases the user can be confident 
about the results when the method description is ac- 
cepted by the system. 
The requested information is: 
l information about the analytical procedure of the 
HPLC method, such as sample preparation, col- 
umn, flow-rate, etc. 
l chromatographic results, such as retention times 
and minimal resolution between two peaks. 
l intended application area of the method. Differ- 
ent levels of validation are required, depending 
on whether the method is only used a few times or 
is applied for many samples in different laborato- 
ries. Also, before a method is submitted to regula- 
tory bodies, a thorough precision test should be 
carried out. 
l finally, knowledge about the availability of instru- 
ments is needed to build up the full validation pro- 
cedure. 
The method description module guides the user in 
providing all necessary information, without asking 
for superfluous or irrelevant data. It contains com- 
mon sense knowledge about chromatographic prac- 
tice and asks only information that applies to the spe- 
cific case. The consultation of this module is the basis 
for the further steps in the ruggedness ystem. 
The factor selection module 
In this step all factors that are likely to vary in the 
daily use of the method and that are suspected to in- 
fluence its performance are identified. Since HPLC 
is a rather complicated analytical technique, many 
parameters must be considered. The experienced 
analyst has however more or less strong ideas about 
the most important factors that are relevant to the 
behaviour of the system. For example, a method 
should be rugged for the temperature when it is clear 
60 trends in analytical chemistry, vol. 9, no. 2; 1990 
from the method description that no temperature 
control is provided. When the method is to be used 
over a long period of time and/or in other laborato- 
ries, then it is clear that the temperature of the envi- 
ronment will vary. When the method is not rugged 
for these variations this can cause alterations in its 
behaviour and wrong results may be obtained. The 
factor selection module covers the knowledge about 
the significant selection of these factors. This in- 
volves experience about the suspected variations of 
the selected factors in different environments”. 
Another feature of this module is that the user is 
allowed to add or delete factors that are chosen by 
the expert system. The levels of the selected factors 
can also be altered. This feature is provided to allow 
the user to introduce his/her knowledge about a spe- 
cific practical situation, For good laboratory practice 
these alterations are registered so that they can al- 
ways be traced afterwards. When the user agrees 
with the proposed set of factors, all information is 
stored and the system can continue. 
Module to select an experimental design 
The number of factors that may influence the 
method’s performance, when applied in practice, is 
very large. Even when only the most important fac- 
tors are selected a large number of experiments is 
still required. Experimental designs that allow as 
much information as possible to be extracted from a 
minimum number of experiments are necessary. 
When it can be assumed that there are no higher or- 
der interactions between the different factors, which 
is often a realistic assumption, then the fractional 
factorial designs are the most efficient for this pur- 
pose3. The designs that are implemented in the ex- 
pert system are: 
l full factorial designs; 
l half fractional factorial designs; 
l saturated factorial designs; and 
l reflected saturated factorial designs. 
The actual choice of a particular design depends 
on the number of factors and levels that are selected 
by the factor selection module. When the effects of 
only two or three factors are to be established at two 
levels then the full fractional designs are selected, 
otherwise the saturated fractional designs are pre- 
ferred. When the expert system has made a decision 
it presents the selected design together with the 
batch of experiments that are to be carried out. At 
this stage the user leaves the expert system to per- 
form the required experiments. 
Module for processing and interpretation of results 
When the experimental design has been selected 
an appropriate spreadsheet is created where the re- 
sults of the experiments can be entered. When all 
data have been collected the expert system can start 
processing the results. First the relevant chroma- 
tographic results from each experiment are calcu- 
lated. These include: concentrations, peak efficien- 
cy, resolutions etc. When these parameters are ob- 
tained the calculations can start to find the effects of 
the different factors”. The method is supposed to be 
repeatable before the ruggedness test is started. To 
check if this is valid over the whole experiment all 
standard errors are examined. Since the analyte con- 
centrations are the most important chromatographic 
results, the main effects of all factors on the calcu- 
lated concentrations are calculated first and com- 
pared with a prespecified tolerance level. If any fac- 
tor shows an unacceptably large effect on the con- 
centrations, the method fails on the ruggedness test. 
The main effects on all the other parameters, such as 
peak height and resolution, are then investigated in 
the same way. When the tolerance level for these pa- 
rameters is exceeded, the ruggedness test does not 
fail, but warnings are flagged to the user. If the rug- 
gedness test of a specified method fails, the user is 
advised to respecify the method and to repeat the 
ruggedness test. For obtaining meaningful advice on 
this issue, this expert system must be linked to the 
other expert systems that were developed within the 
ESCA project. The most straightforward is the inte- 
gration with the expert system for the optimization 
of instrumental and chromatographic parameters. 
This expert system can give advice on how to change 
the method in order to obtain improvements, e.g. in 
resolution. Integration of these two expert systems is 
proceeding. 
When the method passes the ruggedness test a 
ruggedness report is printed. This includes a set of 
system suitability criteria. These are the maximum 
and minimum values that are found for chroma- 
tographic parameters such as resolution and peak 
height. Whenever the method is applied, the analyst 
can then use these values to evaluate the chroma- 
tographic system regarding its suitability for the 
method. 
Implementation 
The method validation system is implemented in 
Goldworks, one of the selected expert system shells 
in the ESCA project. Since method validation is a 
very complex and broad area, of which only a part is 
implemented in the present system, it was necessary 
to build the expert system in a way that is easily ex- 
tendable. We chose a modular approach. The two 
main modules that constitute precision testing are 
the repeatability and the ruggedness ystem. These 
modules can be consulted separately. Each of these 
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Fig. 1. Implementation architecture of the precision testing expert system. 
* Screens > chromatograph questions > options 
I 
CRROMATOGRAPH 
Main questions and answers I Related answers 
Flow rate (ml/min) : 1.5 
Number of solvents :2 
PR : 2.5 
Buffer cone (M) : 
Additives : 
Injection volume (ul) : 10 
Temperature mode : CONTROLLED 
J I I 
Minimum solvent (%) : 25 
Solvent 1 (%) : 75 
Solvent 2 (%) : 25 
Solvent 3 (%) : 
Solvent 4 (%) : 
Minimum additive (%) : 
Additive1 :o %( 
Additive2 :o %( 
Additive3 :o %( 
Additive4 :o %( i 
Additive5 :o %( 1 
Temperature (deg. C) : 40 
Fig. 2. Example of user interaction with the ruggedness expert system. 
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main modules are in turn built from different submo- 
dules, and each submodule can also be consulted in- 
dividually. A structure, called the supervisor, guides 
the user through the appropriate modules. It con- 
tains meta level or strategic knowledge on the next 
module to be consulted and therefore needs an over- 
view of the results and data that are used in all sepa- 
rate modules. All data and results of the modules are 
stored in common database, accessible by all mod- 
ules and the supervisor. The overall architecture is 
pictured in Fig. 1. 
This architecture allows the integration of mod- 
ules which contain very different types of knowl- 
edge. This is very useful since, as can already be seen 
from the ruggedness ystem modules, very different 
knowledge sources are necessary. Experiential as 
well as algorithmic knowledge sources must be com- 
bined in an integrated system to make it useful. This 
combination of modules containing different types of 
knowledge is a typical feature of second generation 
expert systems12. 
In the ESCA project the stand-alone expert sys- 
tems described elsewhere in this issue’ will be inte- 
grated. The architecture of the method validation 
expert system is flexible enough to allow an easy in- 
tegration with the other expert systems. 
Though user-friendliness was not the main con- 
cern in the project, attention was paid to developing 
an efficient and rather robust user interface. The 
questions are presented to the user in a window sys- 
tem. Explanations and additional help are provided 
where necessary. These can always be accessed by 
the user through special pop up windows. An exam- 
ple of the user interface is presented in Fig. 2. 
Conclusions 
The expert system for method precision testing, 
developed within the ESCA project, is a succesful 
stand-alone expert system. Validation of the system 
by means of 11 real test cases resulted in about 85% 
of success. Even for the cases where the conclusions 
were different from the real expert, the expert sys- 
tem choice was acceptable to the expert and in some 
cases even better than the real expert. A full descrip- 
tion of the validation and further evaluation of the 
system is published elsewhere13. The implementa- 
tion of the system allows future additions and inte- 
grations to be carried out with flexibility. 
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